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A 1000 Horse Power Submarine 
Diesel Engine 


HE engines used by the Germans to 

propel their submarines are probably 

the most highly developed Diesel En- 
gines ever manufactured in quantity. About 
500 of the 1.200 H.P. type were used in their 
800-ton submarines, besides many of greater 
power for larger boats, including the 3,000 
H.P. type used on the 2,700 ton submarines. 
These engines, as well as smaller types, are all 
somewhat similar as to general and detailed 
design; they are all 4 cycle single-acting air- 
injection engines. The extraordinary relia- 
bility and flexibility of these engines were a 
source of considerable surprise to those present 
at the time these submarines were surrendered. 
It was noted that the engines ran smoothly 
at but 1-10 of their maximum speed, and even 
while idling with no load at this low speed they 
To still further 


emphasize the performance of these engines, a 


had a clear smokeless exhaust. 


comparison with ordinary Diesel engines shows 
that the power developed for a given size cylin- 
This 


means that twice as much heat is produced in 


der is over twice as great for the former. 


a given space with the result that the exhaust 


temperature is about 1,000° F. while ordinary 

. ° > ° ~ ° M.: 
Diesel engines have but 600° to 700°. This 
difference in temperature greatly increases the 


mechanical difficulties resulting from heat 


which has necessitated the use of oil cooled 
pistons as well as water cooled exhaust valves 
and exhaust valve cages. 

Engines of similar design are being manufac- 
turedat the Navy Yard, New York, the first hav- 
ing recently completed successful shop trials. 
The Navy Department has been kind enough to 
give us access to drawings, photographs and 
test data of these engines, which have been 
It is so 
seldom possible to publish much of the minute 


made use of in preparing this article. 


technical details responsible for the success 
of such a perfected mechanism, that this data 
has been given for those who can make use of 
it. Much of this information is being published 
here for the first time. 

It must be borne in mind, however, that sub- 
marine engines are so highly specialized for 
their particular service that they can hardly 
be considered as commercial types particularly 
on account of their higher cost per horse power. 
Several of these engines have nevertheless been 
installed in the hulls of merchant ships, and 
even though their r.p.m. has been reduced 
somewhat it has been too high for the propellers 
of these ships and reduction gearing has been 
used. The use of engines with such high power 
development for their size will be followed 
with intense interest by those who believe that 


[25] 











LUBRIC 


reliability is not necessarily sacrificed by the 
high power development and speed, as well as 
by the comparatively light weight of these 
engines. 

As perfection of the details of the lubricat- 
ing system has had much to do with the ex- 
traordinary success of these engines, particular 
study is given in this article, to these details 
as well as to the handling and control of the 
fuel. It is not possible here to go into the 
interesting and ingenious mechanical details 
concerned with their though 
much can be learned from the sectional draw- 


construction, 


ings shown in Figs. 1, 2 and 3. 


Main Engine Lubricating System 


Every moving part of the engine except the 
valve stems and part of the maneuvering gear. 
is lubricated from a full pressure circulating 
system which reaches even the rollers on the 
valve rockers. The completeness of this cir- 
culating system reminds one of the lubricating 
systems for 
engines, and as will be seen later, the bearing 


developed — especially airplane 


clearances and grooving are also similar to 


what is considered as best airplane and racing 
engine practice. The few parts not lubricated 


by the circulating system are supplied with oil 
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Fig. 4.—The rotary oil pump used as an electrically driven aux- 
iliary to provide cooling and lubricating oil when the engine is not 
running. At 1,800 r.p.m. it delivers 156 wey a minute. The ring 
gear is only 414 “inside diameter, the pinion about 3 ” outsidediameter, 
and the 5; ” length of the teeth is 3! 
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and grease cups, which are sufficient since the 
maneuvering gear does not require much oil. 
Even if the lubrication of these parts is ne- 
glected there will be no other ill effect than 
making the work of the operator greater while 
maneuvering, which is assurance that he will 
not neglect it. Probably the desire to avoid 
further complication from additional oil piping 
is the reason why these parts are not included 
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in the circulating system. As it is, over 200 feet 

of oil piping are used, varying in size from 14” 

0. D. to 4144” O. D. Operators are instructed 
to oil by hand every hour the valve stems and 
all parts not included in the circulating system. 
A point of interest in regard to the valve lubri- 
cation is that the stems are intended to have 
sufficient clearance in their guides so that there 
is no contact at this point and therefore no oil 
is necessary. The only part lubricated is the 


piston-like guide above the spring, which is not 
exposed to heat. 
A main oil sump tank of about 500 gallons 


is used for storage, and as it is located below 





Fig. 5.—The direct driven main oil pump partly dis-assembled, 
showing the cages carrying the double check valves by which oil is 
pumped in one direction only, irrespective of the direction of engine 
rotation. The idler gear is shown with its spindle partly withdrawn to 
show the ports by which oil tr: ipped between engaging teeth, is by 
passed through holes drilled between the gear teeth. 5 


The ge ars are 54, 
outside diameter, 7” long and have 21 teeth. At 400 r.p.m, it delivers 
55 gallons a minute. 

















Sectional drawing of the main oil pump showing the con 
structional details of Fig. 5 
(ce) i is the idler gear — in which the by-passing ports are cut 
(9) is the spindle key which is narrower than its key-way and allow 
the spindle to change the port position when the pump rotation is re 
verse od. 


Fig. 6. 
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the engine all the drainage of oil flows back 
to it by gravity, through outlets at both ends of 
the crankcase. Operators are instructed not 
only to clean the tank every 8 or 10 weeks and 
the strainer contained in it every 50 hours of 
service, but to blow down the whole oiling 
system with steam once a year. From this 
tank the oil is drawn by either an auxiliary 
electrically-driven oil pump or the main engine 
A “stop-lift” check valve on 
the suction line near the tank makes it un- 


driven oil pump. 


necessary to prime the oil pumps when start- 
ing. Before starting the engine, complete 
lubrication is assured by the auxiliary pump 
which runs in parallel with the main oil pump. 
This auxiliary pump, shown in Fig. 4, is an 
interesting rotary type. It consists of a single 
spur gear mounted on ball bearings, and run- 
ning in mesh with an internal gear. The outer 
diameter of the internal gear is turned down 
so as to break through to the space between 
the teeth, like a squirrel cage, giving passage 
for oil except for flanges at each end which 
hold the teeth together, 

The main pump shown in Figs. 5 and 6, is a 
gear pump driven at crank-shaft speed by 
spur gearing from the vertical shaft) which 
drives the camshaft, and operates with the 
vears in a horizontal plane. The two principal 
features of this pump are: (A) The means 
taken to release oil trapped between the teeth 

they mesh, thus making it operate quietly, 

| (B) The 
to flow in one direction irrespective of the 
The first feature 


is accomplished by means of nine 9-32” 


check valves which allow oil 
direction of pump rotation. 
holes 
drilled through the idler gear radially between 
the teeth. 
rotates is of comparatively large diameter, 


The spindle upon which this gear 


and has a series of transverse ports milled 
Oil in the 
space between two teeth running into mesh 


tangentially as shown in Fig. 5. 


can pass into these ports and back to the dis- 
charge side of the pump through similar holes 
between teeth which are still free. In a similar 
way the teeth going out of mesh are supplied 
with oil from the suction side. This results in 
the 


caused by teeth closing in on a trapped slug 


eliminating shocks and side pressure 


of oil—as well as the partial vacuum on the 


suction side. Thus the efficiency of the pump 


is raised, its life is prolonged, and the operation 
is made unusually quiet. 

When the pump rotation is reversed by a 
reversal of the engine, a slight change is neces- 
sary in the location of the ports. This is auto- 
matically accomplished by the friction between 
the idler and its spindle, which tends to drag 
the spindle in the same direction that the gear 
rotates. A keyway in the pump housing, which 
is wider than the key in the spindle, allows 
a few degrees of rotation of the spindle when 
the gear motion is reversed, and thus secures 
The 


Naval Officers who have had experience with 


the proper setting of the spindle ports. 


the operation of this pump are enthusiastic 
in their praise of it. 

From the pump, oil flows through a 2°9” 
I. I). pipe to the filter shown in Fig. 7. This 
is of the duplex type, and of such capacity 
that, by the three-way valve, either half may 
be by-passed for cleaning while the other is in 
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Fig. 7.— The duplex oil filter with its special three-way valve for by 
passing one half while the other is being cleaned. The arrangement 
‘ e wire gauze disks makes it very compact. Each half has a total 
of 576 square inches of 36 mesh No. 32 wire screen. The maximum 
pressure drop allowed through it is 4! Ibs. per square inch. 


In normal operation both sides are used 
that 
these filters be cleaned every 12 to 24 hours of 


use. 


in parallel. Instructions recommend 


service. Attention is called to the arrange- 
ment of the six discs with gauze on each side, 
by which a large area is secured in a small 
space. 

The filtered oil passes next to an oil cooler 
shown in Fig. 8. It will be noticed that the 
water tubes and the baffles for the oil are 
suspended as a unit from the upper header, 
while the lower header is free, its vertical posi- 
tion being located by the tubes only. This re- 
(1) The 


tubes are free to expand and contract without 


sults in two distinct advantages: 


inducing stresses between themselves and the 
casing; (2) The tube unit can be removed 
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Fig. 8.—Oil passes through the oil cooler from top to bottom in a 
alternately contracting and expanding stream by means of battles, 
while the water enters at the top, passes down a central 3” tube to the 
lower header from whic h it returns to the top through 462 copper tubes 

¢” O.D. and 42!5” long. There is a cooling surtace of 280 square feet, 
and a circulation of water at 76° F. cools the 45 gallons per minute of 
piston cooling oil from 126° F. -y 104°, and the remaining 16 gallons 
per minute of bearing oil, to 90 This is equivalent to a heat transfer 
rate of about 38 B.T.U.’s per bain foot per degree per hour. The 
cooler holds 32 gallons of oil. The 218 gallons per minute of cooling 
water for the engine A ve s through this cooler, after which it is divided 
into three streams (1) about 22 gallons per minute to the 


air compressor 


cylinders; (2) 62 gz SS per minute to the intercoolers for the air com 
pressor; and (3) about 134 gallons per minute to the main cylinder 
jackets. 


readily from the casing, making cleaning and 


inspection a simple matter. Zine rings are 
bolted to the top bronze header and the bottom 
iron cover to reduce corrosion from the salt 
water. 

At the cooler, oil is divided into two separate 
systems, one for piston cooling and the other 
for b The oil 


cooling system is drawn from 


saring lubrication. for the piston 


” 
‘ 
< 


i point 8%¢ 
from the bottom, but the oil for the bearings 
to the bot- 


account 


is cooled still further by passing 
baffles 


the reduced volume of oil, are spaced about 


tom between which, on of 


7” apart instead of 114” as in the upper sec- 


tion. These two oiling systems will now be 


traced in detail. 


Piston Cooling System 


Oil for piston cooling passes from the cooler 
to a header along the base of the crankcase, 
through air chambers and then to the pistons 
by pairs of hinged pipes, as can best be seen 


from Figs. 1 and 2. There are, of course, two 
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of these oil connections to each piston, one 
leading the oil in and the other out. The 
purpose of air chambers is to cushion the 


“water-hammer” effect: of the reciprocating 
mass of oil in the piston, which is severe enough 
to endanger tight oil joints. 

The hinged oil pipes fulerum on two pins 
at the lower end of each piston, one on each 
side. From these pins, which are hollow, oil 
is led by other piping to and from the closed-in 
pocket under the piston head as shown in 
Fig. 9. 


air from this pocket when starting, 


No precautions are taken to remove 
for in opera- 
tion if any air is present the oil is splashed so 
violentiy that it is sure to be removed with the 

Oil from 
tubes to a 
the 
flow from each piston can be observed as it is 
collected to the 
sump tank. Thermometers are placed near 


oil in a few minutes as a sort of froth. 
a 


point near the operator’s station, 


‘ - 13 y 
the pistons is led through 716 
where 


in a funnel and returned 


each outlet, where the uniformity of the piston 
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Fig. 9.—Interior of a main piston showing the oil piping to the 
oil poc ket in the piston head, and the pin joints through which oil con 
nections are made to stationary parts of the engine. One of the taper 
pins which locks the wrist pin home, is siown partly withdrawn. The 
piston clearances, cold, are: above the top ring, from 34” over to 2” 
under 14”; decreasing to 0.021” just below the upper wiper ring, and to 
0.017” at the bottom of the piston skirt 


cooling can be observed. This oil cooling sys- 


tem is very satisfactory, and has a double 


advantage over use of water for the same pur- 
there is no danger of incrustions of salt 


pose ; 
in the cooling system, and any leakage into 
the crankease will not cause trouble with 
emulsions. It is true that a given rate of 


oil flow will carry off less than one-half as 
much heat as water, but even in this engine 
all the heat is carried_off that-is necessary, with 
an oil temperature no higher than about 130° 


F. Approximately 280 B.T.U.’s per hour are 


LU 
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Fig. 10 panned vent ee tween the crankcase and 
piston for the piston cooling of heir location in the engine is show: 
in Fig. 2. The two verth il pipes at the right are shown with the pins i 
place, by which connections are made to a piston. These pins are the 
same as those she wae gv. 9. Below are she a aD tir chambers bolted 
to the crankcase, the one at the left being for the incoming oil, and the 
other for the outgoing oil. 


carried off per I. H. P. 


interesting to compare this method of con- 


of the engine. !t is 


ducting oil to and from the pistons, with that 
of Fig. 


others. 


11 which is used by Sulzer and many 


Bearing, Lubrication System 
The second branch of the oil system from 


the cooler, as has been mentioned, is for lubri- 
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Fig. 11.—The piston cooling system used by 
inufacturers, in which telescopic tubes are 
ints. 


many Dhesel engine 
used instead of hinged 
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ATION 
cation. QOijl is led through a I. D. pipe 
to a pressure reducing valve shown in Fig. 12. 
Mounted with this reducing valve is a pressure 
relief valve which limits the pressure in the 
whole system back to the pump, and hence the 
piston cooling system also. From this reduc- 
ing valve, oil is supplied to the lubricating 
oil header which runs along the crankease, from 
which 14” I. D. 
the main crankshaft 


leads pass to the center of 
the 
Control over the flow to each bearing is 


each of bearings at 
top. 
secured by special stop cocks which 


le wked 


intermediate between full open and shut, 


can 
he in any one of several positions 
by 
means of a pin in the handle which may be 
dropped into various holes in a segment fixed 
to the of 


the bearings with the hand will indicate by 


valve body. Occasional touching 
their temperature if they are running with too 
much or too little oil. A noteworthy feature 
of the crankshaft bearings is the absence of 
criss-cross oil grooves in the pressure surfaces. 
There is only one circumferential groove by 
means of which oil is led to drilled passages in 
the ecrank-shaft and thus to the crankpins. 
All holes in the crankpins and bearings are 
threaded to take plugs when a shaft is disas- 
sembled for shipping, that dirt cannot get 


inside, 
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Fig. 12. Oil pressure regulating and relief valve. By means 
of the ve ssure reducing valve at theleft, the oil pressure on the bearing is 
reduced to about 20 Ibs. per square inch at 200 r.p.m., and increases 
to a maximum of 30 Ibs. at 450 r-p.m. of the engine. The right hand 
member is set to protect the oil system from any pressure above 50 lbs, 
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From the crankpin bearing, oil is led up to 
1,” I. D. tube 
The wrist 


the wrist pin bearing by a 
through the hollow connecting rod. 
pin bearing is a two part steel forging which, 
contrary to usual practice, is — with babbitt 
. The 


where it bears on the oii is of case- 


and grooved as shown in Fig. 1 wrist- 
pin, 
hardened steel, and each end is slightly tapered 
so it can be fitted solidly in the piston. It is 
held in place by taper pins which are driven 
cotters, 


home, these being further locked by 





Fig. 13. 
particular a type of grooving, which is 3 "x°<¢” wide. 


A disassembled connecting rod bearing showing in 

3 The reheved 
areas at the side are 3’x6'. “long, and 0.006” deep. Laminated shims by 
which the diametrical clearance is adjusted to 0.006” are shown held to 
the lower half (at the left) by small screws. By means of the shim at the 
right, the effective le ngth of the connecting rod is adjus ted for the com 
pression pressure desired (450 Ibs. per square inch). This bearing is just 
over 9” diameter, and is but 9!9” long, though the crank-pin length 
is 11;;”. The resulting large side clearance gives abundant room for a 
large arti fillet. The crankshaft bearings are almost identical, except 
13,” shorter, and have 3)” greater side clearance. The longitudi- 
nal position of the shaft is fixed by thrust collars on the rear end bearing, 


” 


making a very simple and secure fastening. 
The assembly of this be: 
rod is unusual. 


ring in the connecting 
The lower half is first put 
place, where it is secured by the flanges on 
ach end when the upper half is pressed into 
place. To make this possible one of the 
flanges of the upper half is cut down lower than 
the thickness of the shim which goes between 
the rod and the top »” the exact thick- 
ness of which is selected to require a force of 
one ton to press this part into place. 


“brass 


Cylinder Lubrication 


Oil thrown from the crankpin bearings is 
depended upon to supply the principal cylinder 
lubrication. An additional means _ is 
vided by leading oil directly from the lubricat- 
ing oil header to points on opposite sides 
of each cylinder. 


pre )=- 


A check valve on the line 
to each cylinder normally prevents any flow 
of oil, and is so located as to be convenient 
to the operator who presses each one open for 
the 
at any time when he may think one of the 


a moment when engine is started, or 
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cylinders may need additional oil. In order 


to prevent too much oil from passing up into 
the combustion space, no other precaution is 
taken than the use of two special oil wiper 
rings, one of them being the lowest of the five 


rings at the upper end of the piston. These 
two rings which, like the others, are 1.” 


square in section, are beveled on the outside 


from the top to within ! x” of the bottom, pro- 


This 


concentrates the ring pressure on a width of 


ducing a clearance of “/s+” at the top. 


12” when the ring is new. As the ring wears, 
the width of contact increases until it is 14”, 
at which time the ring should be replaced 


by a new one. Below the grooves for these 
rings, the piston is chamferred for 15” to 


a depth of a6”. Six !y” holes are drilled 
through the piston walls at these chamferred 
to return the oil the 
Drain also 


to ends of the wrist pin spaces. 


spaces, wiped = from 


evlinder wall. holes are drilled 

The cam-shaft and valve rocker shaft have 
internal oil passages for their entire length, and 
are supplied by oil from the same header that 
and auxiliary cylinder 
Holes through the rocker shaft 


where it passes through the rockers, supply 


feeds the main bearings 
lubricators. 


oil to the latter and to the cam rollers by 
tubes which lead oil from the rockers to the 
The 


oil in a similar way 


hollow studs on which the rollers turn. 
cam-shaft bearings get 
from holes in the cam-shaft. The two sets 
of spiral gears through which the cam-shaft 
is driven by a vertical shaft at the rear of the 
engine, are lubricated by streams of oil which 


The 


These oil 


strike the gears where they run together. 
gears do not run submerged in oil. 
streams are fed by the same header which 
the the 
bearings and the rockers and 


supplies main bearings, camshaft 


rc llers. 


valve 





Fig. 14.—The connecting rod and babbitt lined wrist-pin bear- 
ing showing the very small amount of grooving used. There are foui 
crosses like the one shown, at 90° from each other and connecte “dt 
gether by a single groove. The bearing is 11” long and 614” diameter 
and has a radial clearance bet ween 0.004” and 0.005”. As tue side clear- 
ance is only ;”_ the connecting rod is thus located laterally by this 
bearing instead of by the crank-pin bearing. 
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Thus all journals of the engine proper, which 
rotate while the engine is running, are supplied 
by a circulation of cooled oil under pressure, 
the pressure increasing with the engine speed. 


Air Compressor 


The air compressor has four stages arranged 
in a unique way, there being two “differential” 
pistons driven at 180° from each other by 
cranks on an extension of the engine crank- 
shaft. 
stage 


also handles the 3rd stage, while the forward 


Each of these pistons has a Ist and 2nd 
operating in parallel. The aft piston 
piston handles the 4th stage. — Fig. 3 shows a 
section through the forward piston and _ its 
water jacketed cylinders, and Fig. 15 shows the 
Notice that the bottom of the 


piston has to seal the 2nd stage from leakage 


piston itself. 
of air into the crankcase. This minimizes the 
tendency for too much oil to work up into the 
eylinder from the crankpin, for there is not 
only no suction to draw it up but if there is 
any leakage of air it will tend to force the oil 
down from the cylinder walls. 

This particular arrangement of the different 
stages on one piston, in which the 2nd stage 
acts on the down stroke while the Ist and 3rd 


act on the up stroke, instead of all three acting 





Fig. 15.—Air compressor piston, with the wrist-p'n partly with- 

iwn. The area above the largest diameter is for the 1st stage, the area 

tween the largest and the part below it for the second stage, and the 
rea above the smallest part is for the third stage. This piston has 
een in severe service and the lower rings are hard to see because Un y 
ire badly carbonized. The connecting rod is a small replica of the mv 
onnecting rod, wrist-pin lubrication being secured in the same way 
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in one direction, not only reduces the bear- 
ing pressures but actually reverses them. It 
makes their lubrication much simpler than if 
the pressure were always in the same direction, 
Dividing the work of the first two stages be- 
tween two cylinders in parallel not only in- 
sures a fairly steady stream of air, but still 
further reduces the total bearing pressure. The 
crankpin and wrist-pin bearings are lubricated 
from the hollow engine shaft by the same cir- 
culating system used for the other crankshaft 


bearings. 





Automatic suction valve for the first stage. The valve 
itself consists of the two thin ground spring steel rings shown below. The 
seat is at the right, while at the center is shown the 14 small springs 
which normally hold the valves on their seats. 


Fig. 16 


The cylinders, however, are lubricated by 
non-circulating mechanical oilers, the oil being 
used only once. There are two oilers, one hav- 
ing four plungers and the other two. There 
is one plunger for each stage of each cylinder. 
Each of these plungers in one stroke displaces 
from about 1 to 214 cubic inches of oil, but in 
operation over an hour is required to make one 
stroke—a rachet, worm and screw thread being 
made use of to reduce the rate of the drive. 
This is practically all the oil the compressor 
gets in compressing 450 cubic feet of free air 
perminute toapressure over 1,3001bs. per square 
inch. Four hundred and fifty cubie feet is 
over double the quantity of air used in running, 
and the volume is normally reduced by throt- 
tling the suction to the Ist stage. The large 
reserve is necessary to fill the starting air bot- 
tles and for the ship’s tanks. The valves are 
automatic, and, as can be seen in Fig. 16, con- 
sist of thin flat steel rings. 
are to clean the pistons and rings every six 


The instructions 
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Fig. 17.—Air compressor intercoolers and separators. Air at 
about 350° F. passe , down through 14” I. D. copper tubes in the coolers 
for the first two st: ages, and },” I. D. tubes for the other two. The 
baffling for the water is similar to that for the oil of the oil cooler. per 
cooling areas are 31, 20, 10 and 534 square feet for the Ist, 2nd, 3rd, and 
4th stages respectively. The cooling water rises from about 79° to 86 
F. in cooling the air to 90° F. The whole nest of tubes is tinned to pre 
vent corrosion. 


months, and the valves every 150 hours of 
service, 

Particular precautions have been taken to 
separate out all water and any oil which are 
in the intercoolers through which 
Much 
more water is separated out in the intercoolers 
With saturated air 


when compressing full capacity, over 


condensed 
the air passes after leaving each stage. 


than is commonly realized. 
at 80° F. 
5 gallons an hour would be separated. In 
normal operation this is probably about one 
gallon an hour. 
air cooler and separator unit for all four stages. 
In the separators the air is whirled in passing 


Fig. 17 shows a section of the 


along a helical passage and centrifugal force 
throws any liquid onto the wall of the sur- 
Liquid thus separated passes 
through narrow vertical slits in the tube and 
then drains down the outer wall into a retainer 
provided for the purpose below the 


rounding tube. 


air outlet. 
Every 15 minutes of operation these retainers 
are “blown down” to remove the condensate 
which has collected. Notice that a nest of 
cooling tubes and a separator forms a unit 
suspended from the top header only, and leaves 


[32] 
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the tubes free to expand and contract and in 
this The 


lower header of the cooler is made water tight 


respect is similar to the oil cooler. 
by a gland packed with a rubber ring. These 
separators are simple and effective, and are an 
important item in the reliable operation of the 
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-Above; 
tion of a fuel pump for one 
cylinder to twice the scale of 
the side section of the com 
plete unit at the right. The 
Eenewnces,t H"' diameter and 


Fig. 18. CTOSS sé 


° ~ &B © 
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wave a 514” stroke. Regula- 
tion of the quantity of oil fed 
is secured by holding the auto Pa 





matic inlet valves off their a 
seats for part of the delivery <|/ 
stroke, by means of the link- = 
age shown. The eccentric 3 | 
fulerum (27) operated by the | '®. \ j 
‘throttle” or overspeed gov- SON 
# >= 7 


ernor, regulates the extent of 6) 

plunger travel when the suc- : 
tion valve (1) is allowed to 
seat. Individual regulation 
of fuel for equal power in each 
cylinder may be adjusted by the tappet (22). When the engine control 
levers are in the “Stop” position all delivery is stopped by the rotation 
of a rod at “A” which - ns all suction valves by short arms which bear 

down on the collars of ( Any cylinder can be cut out of service by a 
clip (25) which when se : as shown holds the suction valve permanently 
off its seat. 


se Ree GEAR 
- Rive 


compressor. Passage of water into the com- 
pressor cylinders greatly interferes with their 
lubrication, and thus the reliability of the 
whole unit. 
FUEL SYSTEM 

The fuel used in submarine Diesel engines in 
the U. S. Navy has a viscosity normally of 
less than 100” Furol* at 77° F., though oil of 
1,000” at the same temperature (about 16° 
Be. gravity) has been burned so satisfactorily 
when preheated that it still 
heavier fuel can be used in these engines. 


The only apparent drawback was that the 


is believed 


maximum power developed without a smoky 


*Saybolt Furol Viscosimeter has been adopted by the U. S. Govern 


ment for fuel oils. See LUBRICATION, May, 1921, Page 5, 
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exhaust 


was a little lower, possibly because 
the fuel was not so thoroughly atomized. 


These engines give a clean exhaust over a sur- 
prisingly wide range of speed and load, even 
at a mere idling speed. In order to accomplish 


this extreme flexibility several so-called me- 


added, 


notably means for varying the spray-air pres- 


chanical “complications” have been 


sure and the spray valve lift with the engine 


power. These features can be called **compli- 


cations,” only in a service where their advan- 
tages would be unnecessary, such as for low 
The fuel at 


as novel as some details of the lubricating 


speed freighters. 
least 


systems, merits special consideration. 


system, being 


Fuel oil is displaced from the main tanks 
to a the of 


device indicates when 


tank admission 
An electric 
the water level reaches a pre-determined height 
so that 


another tank, 


service by 


sea water. 
the engine can be switched over to 
or stopped before salt water is 
fed to the fuel spray valves. This is not only a 
but 
any appreciable change in ballast. 


mechanically simple method, eliminates 











ps 19.-View looking down on the rear cylinder head showing 
rrangement of parts and the rubber hose connections which supply 
r cireulation to the exhaust valve. 
Water in to exhaust valve 
G -Water from exhaust valve 
H —Water to exhaust valve cage 
J -—Water from cage. 
All the eylinder cooling wi iter passes through these two paths in 


lel and then into the water jacket around the exhaust pipe 
1) —Spray air lines to fuel spray valves 
C—Separate Fuel lines to each spray valve from test 
screw A 
B—Single fuel line from fuel pump to test screw A 
K—Lubricating Oil Lead to valve rocker shaft 
L—Lubricating Oil Lead to spiral cam-shaft gears 
E—Air line to cylinder compression relief valve. 
Notice the eccentric mounting of the valve-rocker shaft by which the 
cers are lifted from their cams when the cam-shaft is moved to change 
n the ahead cams to the astern cams. 
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ATION 
The service tank is large enough to contain 
about two hours’ supply of fuel and is provided 
with filter cloths. are very 
but must at least 
every six weeks, and oftener with some grades 
of fuel. The tank, as well as all fuel oil leads, 
are recommended to be emptied and carefully 


muslin These 


satisfactory be renewed 


cleaned with steam twice a year if possible, 
as is good practice with any fuel oil system. 
From the service 
through a 1!s" I. D. pipe, to a float chamber 
similar to but larger than those used for auto- 
mobile carburetors. 


tank the fuel flows by gravity 


This float is located just 
back of the fuel pump, 18, 


and is provided with a sight glass to show 


as shown in Fig. 


the presence of fuel. 

The fuel pump unit consists of two groups of 
four individual pumps, the plungers of each 
group being driven at 180° from the other. The 


of course. 


pump runs at half engine speed, 
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Fig. 20.—Spray Air Regulator, which reduces air from the pressure 
in the air bottles to a pressure depending on the quantity of fuel delivered 
to each cylinder. The valve (12) is balanced against the supply air pres- 
sure. The spring normally holds it open, but pressure of air to the spray 
valves acts against it, tending to close the valve. Hence the stronger 
the spring pressure the higher will be the reduced air pressure. Spring 
pressure is adjusted by hand-wheel E for an air pressure of 600 Ibs. 
when the engine is not running. Lubricating oil from the two extra 
plungers of the fuel pump enters the space around the spring by passing 
through a gauze strainer (21) and port A. Exerting a pressure against 
piston H augments the spring pressure and thus raises the spray air 
pressure. Control of the oil pressure on H is effected by the by-pass 
valve (28), all by-passed oil returning to the reservoir shown in the 
casing, from which it flows back to the pump. A safety valve at the 
right protects the system against excessive pressure if valve (28) is 
accidentally closed too far. 
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Three of the plungers in one group deliver fuel 
to spray valves while the fourth pumps lubri- 
The three 
fuel plungers deliver simultaneously to eylin- 


cating oil to the spray air regulator. 


ders 1, 5 and 4, while three of the other group 
deliver to cylinders 6, 2 and 3. The pump 
is so timed that the delivery stroke of the 
1. 5, 4 group is just completed when the piston 
of No. 


dead center. 


6 main engine cylinder is on its firing 
All plungers are in a row, are 
hardened, ground and lapped in their guides 
so that no stuffing boxes are used, and are 
loosely coupled to their respective cross-heads 
so that they will not bind even if not in exact 
alignment. The small amount of leakage past 
the plungers, is caught in a trough and drained 
so that it will not make the engine look un- 
tidy. 
for the discharge valves from each pump to 


Two check valves in tandem are used 


securely withstand the very high pressure of 
The quantity of fuel de- 
livered to each cylinder, and thus the engine 


the injection air. 


torque, is regulated in the usual Diesel way by 
holding the suction valves open for a greater 
or less part of the stroke. Accurate control of 
the fuel to each cylinder is very important, 
because the quantity of fuel burned on one 
firing stroke is very small. Even in an engine 
of this size the maximum delivery on a single 
stroke will be but 0.2 cubic inches which may 
be visualized as a sphere less than 34” in 
diameter. 

For the purpose of filling the fuel lines before 
starting, 
each fuel pump. 


there is a priming plunger (16) for 
When it is operated it makes 
use of the same valves that are normally used 


by the regular plunger, and consequently 


when priming, the throttle must be set in its 
full open position and the interlock to the 
must be disengaged so that the 
fuel 

When priming 
shown at A in Fig. 19 


starting lever 


suction valves of the pump will 
not be held off their seats. 
little ‘‘test-screws,” 
near the spray valves are opened and fuel i 
pumped hy the primer until it flows out. Drain 
tubes are provided to carry off the fuel bled 
out. A check valve is used between these 
test-screws and the spray valve to prevent 
passage of spray air when the screw is open. 


When the fuel lines are filled to these screws, 
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March, 1922 
the engine is ready to start as far as the fuel 
is concerned. 

The fourth pump of the fuel pump unit pre- 
viously mentioned is almost identical to the 
other pumps. It delivers lubricating oil to the 
spray air regulator valve at the same rate that 
fuel is pumped to the cylinders. This regulator, 


shown in Fig. 20, automatically reduces air 
pressure from the air flasks to a pressure vary- 
ing from 600 Ibs. per square inch at no load to 
1,175 Ibs. 


pumped to each evlinder, 


at maximum load. The more fuel 
the higher will the 
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Fig. 21.—The Twin Fuel Spray Valve. Notice the extreme 
simplicity of the atomizer D, in which a few serrations at the bottom 
serve the purpose of the fine holes and intricate passages used in many 
other engines to get satisfactory atomization. When the valve (11 
opens, air pressure forces a charge of fuel, previously fed by the fuel 
pump, through the serrations and into the air stream blowing by from 
the large holes in the atomizer above the oil level. The two valves are 
synchronized by adjustment of the thickness of washers (13). 

Control of the valve lift; two springs act on the valve stem (11 
a large one (42) tending to hold it closed by means of a sleeve (B) beat 
ing down on an enlargement of the valve stem but not fixed to it-—and 
a small spring (43) tending to raise it by acting up against the colla 

(10) screwed to the valve stem. The valve is opened by an upward 
movement of yoke (31) which in lifting the sleeve (B) removes the pres 
sure of the large spring from the shoulder of the valve stem. The only 
force remé aining on the valve stemis then the small spring. Consequent 
ly the vaive lifts until the valve stem collar (10) strikes the lower en 
of the screw (2), which prevents further motion of the valve. Continued 
lifting of the yoke simply compresses the two springs. The extent o 
lift is thus limited by the height of the screw (2) whic h by means of ar 
arm fitted on its tapered upper end, is couple -d to all othe ‘T spray valve 
arms and a linkage which is moved by the “throttle”? hand-wheel. Se« 

figs. 1, 2 and 3. 


[34] 
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spray air pressure be. If the engine 
were suddenly stopped while run- 
ning at full load, the spray air lines 
would remain filled with air at the 
In 


prevent the existence of such a pres- 


maximum pressure. order to 
sure when starting again, a simple 
spring loaded relief valve is opened 
by the control levers when moved to 
the stop position. This valve is set 
to blow down the lines to 600 Ibs., 
so the proper pressure for starting 
is secured automatically. 


Fuel Injection Valves 

One of the most interesting fea- 
tures of this engine is the use of two 
spray valves for each cylinder. This 
is probably done in order to allow 
larger inlet and exhaust valves than 
would be possible if space were occu- 
pied in the center of the cylinder 
head by the spray valve and to per- 
mit more uniform water circulation. 
At the same time good combustion is 
augmented by injecting fuel at two 
points rather than one. The general 
arrangement of the twin valves is 
shown in Fig. 2, together with the 
single rocker by which they are 
opened simultaneously. Greater de 
It will be 


scen to be in several respects similar 


tail is given in Fig. 21. 


to the much simpler spray valve 


shown in Fig. LLof LUBRICATION 





for September, 1921. In reality . 2% 
. in this article. 
hig. 21 shows the type of valve used 


in the 1.750 and 3,000 H.-P. engines 
of the 1.200 H.-P. 
The difference is_ primarily 


instead earlier 
een the air 
ype. bottles, ete. 
i the atomizer. 


The fuel supply for each cylinder is divided 


t the test-screw (A of Fig. 19) into a line for 


ich of the two spray valves. Equal division 
«f the fuel is accomplished by: (1) Forcing the 
| into each line through a small hole which 
‘uses considerable pressure drop; (2) The com- 
ned areas of the divided lines are equal to 
ie single supply line; (3) The lines to the 
alves are equal in length. 


When running at low speed the actual time 


At 


wheel (10) and the “throttle” control (1 ° 
suitable position for the operator to reach these controls 
above the engine. In the foreground are shown the duplex oil filter (3) of Fig. 7, 
immediately to the right is the top of the oil cooler of Fig. 8. The lubric ating oil valve of 
Fig. 12 is shown at (4); the fuel pump unit of Fig. 18 at (6); the spray air pressure reducing 
and regulating valve of Fig 7 
compressor intert 





Controlend of the Engine, showing location of many of the parts described 


the left are the two starting levers; just to the right of them is the reverse 
In the submarine a platform is located in a 
, and observe the many gauges 


and 


20 at (9): ane shows the grouping of the valves by which 


volers are blown down and connections made for charging air 


a fuel valve is open is ordinarily greater than 
at full speed, for the cam holds it open a given 
of 


The result is that at low speed unless some pre- 


number degrees of crankshaft rotation. 
cautions are taken to the contrary, much more 
spray air enters the cylinder than is necessary 
for atomization, which is not only wasteful 
of the air supply but tends to chill the cylinder 
charge appreciably. Since great flexibility is 


needed by these engines, the opening of the 
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fuel valve is changed by varying its lift, in 
addition to varying the spray air pressure. 


ENGINE CONTROL 

Engine control is very simple and almost 
fool-proof, one hand-wheel (“throttle”) auto- 
matically regulating not only the quantity 
of fuel delivered to each cylinder and the lift 
of the spray valve, but indirectly varying the 
spray air pressure also. ‘To provide complete 
control there are in addition only the two start- 
ing levers and a large hand-wheel for reverse. 
The large hand-wheel moves the cam-shaft to 
positions for ahead or astern by a method simi- 
lar to that of Workspoor* except that the 
eccentric fulerums for the valve rockers are not 
tilted, and the cam-shaft is slid axially to change 
cams, like that of Burmeister & Wain, and 
Worthingtonf. 
of this wheel, air operated compression release 
It is inter- 
locked with the starting levers so that it can 


In all intermediate positions 
valves are opened for all cylinders. 


be moved only when the latter are set for 
“stop.” On larger engines of this type the 
reverse mechanism is hydraulically operated 
and requires but two seconds for complete 
motion. The longer of the two starting levers 
when pulled back carries the shorter one with 
it, and by eccentric fulcrums disengages the 
spray valve rockers and brings the air starting 
Further 
movement back opens the pilot valve throttle, 


valve rocker in contact with its cam. 


throwing starting air onto the starting valves. 
When the engine makes about 100 r.p.m. the 
long lever is pushed all the way forward, re- 
moving air starting valve rockers for cylinders 
4, 5 and 6 from their cams, and returning the 
spray valve rockers for these cylinders so that 
they can start firing. 
still air driven, and after a few more revolutions 


Cylinders 1, 2 and 3 are 


they are switched over also, by pushing the 
short lever forward. In stopping, the long lever 
is pulled half-way back and draws the other 
with it, shutting off all fuel irrespective of the 
throttle position, and blows down the spray air 
lines to 600 Ibs. The flow of cooling water from 
the engine pumps, of course, starts and stops 
with the engine. There is hence no possibility 
that the operator can incorrectly handle the 
controls, nor run the engine with any adjust- 


*LUBRICATION, October, 1921, Fig. 27. 
+LUBRICATION, October, 1921, Fig. 26. 
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ment of spray air pressure or spray valve lift 
except that for which it was intended. No miss- 
move can be made even if he “loses his head.” 

When starting the engine, time must be 
given for parts to warm up before putting on 
heavy load. Operators are instructed when 
starting an engine from cold, not to come to 
normal cruising speed until it has been running 
at least five minutes; to full speed, for 15 


minutes; nor to emergency speed for 20 
minutes. After stopping, circulation of the 


lubricating system must be continued by the 
electric auxiliary oil pump for 15 minutes to 
cool off the pistons. When a long layup is 
planned the engine should be turned over at 
about 200 r.p.m. for a quarter of an hour 
with all lubricating devices in operation to 
assure all moving parts being thoroughly oiled. 
All external parts are to be cleaned and thickly 
The 


cleaning, greasing and motoring should be 


covered with grease to prevent rusting. 


repeated every month, and in addition—as 
the crank-shaft 
should be jacked over by hand once a day, 


is customary with engines 


care being taken to stop with the piston in 


different positions each time. 


CONCLUSION 

This article has been confined primarily to 
the lubricating and fuel systems of the engine, 
but the friction clutch, located between the 
engine and the electric motor can hardly be 
passed by without mention, because of the 
large power transmitted. It is a double cone, 
iron to iron design, running in just enough oil 
to prevent sudden seizure. It is very simple, 
and is readily controlled by a piston operated 
by oil under the influence of compressed. air. 
It is interesting to note that in extended trials 
of this engine at the New York Navy Yard, one 
grade of lubricating oil was used throughout 
the whole engine; for piston cooling, engine 
lubrication, air compressor lubrication and 
even the clutch, except that a little cylinde: 
stock was added. This is a point of particu 
lar interest, and should be a strong answei 
to those who insist that a high flash point 
cylinder oil which is unsuited either for engin: 
lubrication or piston cooling, must be use: 
for air compressors in order to prevent ex 


plosions in the air bottles. 


[36] 
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Copyright by Underwood & Underwood 
One of the U-Boats surrendered by the Germans and brought over under its own 


power by an American crew 


The engines of a boat of this type were taken 
down and studied at the New York Navy Yard. 

The good points were incorporated in the new 
units described in this issue of “Lubrication.” 

This new engine is a great contribution to 
the development of the Diesel in America. 

It is interesting to note that during the war 
U.S. Submarines were lubricated with 


TEXACO URSA OIL 


and that this lubricant was used 
on the acceptance tests for this new unit. 


Texaco Ursa Oil is the ideal Lubricant for 
Diesels because: 
It burns clean. 
It lubricates thoroughly. 
It does not form gummy deposits. 
It goes through the separators easily and 
is readily cleaned and reclaimed. 


me who 


5. It can be depended on for uniformity. 
Texaco Ursa Oil is the same Mobile or Melbourne — any- 
whether you buy it in New York where, all the time, Texaco 
Harbor or take it aboard at Ursa Oil is uniformly the same 
Newcastle; whether you get it clear, clean, correct body oil 
in Boston, or Bombay; in for Diesels. 


Made by 
THE TEXAS COMPANY, U.S. A. 
Texaco Petroleum Products 
SOLD THE WORLD OVER 












































TEXACO GASOLINE 
THE VOLAT/LE GAS 


Volatility is the readiness with which gasoline gives up its power 





EFORE 1902 The Texas Company did not exist. In 

but 20 years the public demand tor Texaco Products has 
built a business of immense size.* 

This widespread demand is so insistent as to compel a 
continuous and rapid increase in production and distribution. 
The public shows its appreciation of distinctive uniform quality 


This great demand for Texaco 1s the same wherever you fill your , 
Products is final proof that the — tank is a vital point of its popu- 


soundest scientific practice in the — larity. ‘Touring in New England 


| 
| 
| 
in an unmistakable way. 
| 
{ 
| 
| 


refining of petroleum pays. Every in summer or beneath Florida 
Texaco Product is made upon — palms in winter, visiting Amer- 
this important principle. ica’s wonder-scenes such as_ the 

Texaco Gasoline is a good ex- Grand Canyon or the Rockies 
ample. More power and readier Of Niagara or the unsung beauty 
was the universal wish. Texaco of thousands of less known places, 
Gasoline gives it through high you find that the trail leads to the 


and uniform volatility. Fexaco Red Star. 
Texaco Motor Oil is another At these filling stations you al- 
instance; the Oil famed for its wavs tind Texaco Gasoline and 











fnement to a clear the satisfaction of im- 
pale color. proved operation and 
Chat Texaco Gasoline upkeep. 


heavy body and its re- Texaco Motor Oil and ‘ | 
| 
} 





THE TEXAS COMPANY, U. S. A. 


Texaco Petroleum Products 





*In the last ten years the consumption | 
of Texaco Gasoline has increased from a 
160,000 to over 1,000,000 gallons a day. 
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